ABSTRACT WILKINSON, T. R. (University of California, Berkeley). Survival of bacteria on metal surfaces. Appl. Microbiol. 14:303-307. 1966.-Survivor curves were determined for Serratia marcescens, Sarcina lutea, Pasteurella tularensis, and P. pestis deposited from the airborne state onto metallic surfaces and subsequently stored at various humidities and temperatures. Cells of all species tested remained alive longest in a dry atmosphere, except that cells of S. marcescens survived best in a saturated atmosphere. Survival decreased most rapidly at the intermediate humidity level for three of the test organisms, yet P. tularensis died most rapidly in a saturated atmosphere. An increase in temperature decreased survival of P. pestis and P. tularensis.
The ability of bacteria to survive on various surfaces is important to studies of sanitation, sterilization, food handling and production, and epidemiology. Survival patterns of microorganisms deposited from the airborne state onto metal surfaces, a more natural form of deposition, have not been studied. To date, only test suspensions applied directly to surfaces have been considered.
McDade and Hall (13) demonstrated that 103 cells of several gram-negative organisms stored on a variety of surfaces survived 48 hr at 25 C in an intermediate or high humidity range. Surfaces inoculated with Staphylococcus aureus (11, 12) exhibited optimal survival at 25 and 50 C in a relatively dry state. Common wound bacteria, dried on glass slides and exposed to indoor atmospheric conditions, indicated a sharp decline in survival in 100 min, followed by a slower death rate (10) . Cotton, glass, wood, paper, and metal were exposed to Shigella sonnei at a variety of temperatures at ambient relative humidities; longest survival occurred at -20 C, shortest at 45 C (15) . Lidwell and Lowbury (9) found that certain pathogens would multiply in dust when the humidity was near saturation.
The gravitational deposition of microorganisms onto surfaces closely approximates nature's way of contamination. By use of an aerosol chamber, defined surfaces were contaminated with a high concentration of viable cells; subsequently, their viability was measured in relation to relative humidity (RH) and temperature.
MATERIALS AND METHODS
Organisms. Serratia marcescens, 8 UK; Sarcina lutea, Fort Detrick strain; avirulent Pasteurella pestis, strain A-1122 (7); and P. tularensis, strain LVS (5), were used in this investigation.
Media. S. marcescens and S. lutea were cultivated in Difco Heart Infusion Broth. These species were diluted in physiological saline containing 1% gelatin and were assayed for viability on Difco Blood Agar Base. P. pestis was cultured and assayed for survival in the above Difco media, but the diluent was 1% peptone. P. tularensis was grown in SB broth (18) and assayed for viability on SB agar containing 1% human blood. The diluent contained 2.6% sucrose, 2.7% i-inositol, 0.38% K2HPO4, 0.1% L-cysteine-HCl, 0.11% KH2PO4, 0.05% L-histidine-HCl, 0.1% thiourea, and 0.002% spermidine-P04 in distilled water (pH 7.0).
Cultivation. A second-pass 24-hr shake culture was used in all experiments. All organisms were grown at 28 C except P. tularensis, which was incubated at 37 C.
Cell deposition. A 20-ml amount of the unwashed 24-hr culture was aerosolized into a 40-ft3 settling chamber (3) by means of a peripheral air direct-spray atomizer with an output of 8.6 ml/min at 20 psi. Microorganisms were not washed free of their growth media before aerosolization, since Kethley The influence of various humidities (10, 65, and 100% RH) on the survival of P. tularensis on metal surfaces held at 25 C is illustrated in Fig. 5 . At an initial concentration of 107 cells per surface, a 4-log drop in viability was evident after 14.5 days at 10% RH, after 2.5 days at 65%, and after 1.5 days at 100% RH. Figure 6 illustrates typical data on the survival of P. tularensis on metal surfaces stored at 37 C under various humidity conditions (0, 55, 65, 80, and 100% RH). A 4-log drop in viability was observed over a 16-day (14) and Bateman et al. (1) found that 33% RH was most detrimental to these cells. Webb (17) showed a decrease in viability of airborne S. marcescens as the humidity increased. Hemmes (6) demonstrated the shortest survival of this airborne organism at 50% RH.
Intermediate humidity was found to be lethal also to S. lutea and P. pestis on metal surfaces.
However, sensitivity to intermediate RH was not apparent in the survival of P. tularensis on metal surfaces, even though Beebe (2) and Schlamm (16) showed greatest aerosol decay of this organism at the intermediate range. Viability of this organism on metal surfaces decreased with an increase in humidity and temperature. It is evident that the method of testing or the location of the test organism will cause a shift in the observed survival pattern as related to humidity.
Survival patterns of the test organisms on metal surfaces were established, but the nature of the observed data precluded calculation of decay constants. However, these results do show that one cannot always extrapolate survival curves to estimate "sterility" times, especially at concentrations below the 0.01 % level. To obtain realistic information, viability assays should be continued beyond the holding period normally considered adequate. S. lutea demonstrated a 6-day stationary stage or possibly an increase in viable cells recovered (recuperation) after a 99.9999% reduction, which most certainly would have been unobserved if one had ceased sampling prior to this point and had extrapolated to zero recovery. Dimmick (4) observed a recuperation phenomenon with S. marcescens and pointed out that a cell is not necessarily dead because it does not reproduce itself at a specified time and on a particular medium. This theory could explain the variation that was observed from strip to strip. Cells in the system were under various degrees of physical stress due to aerosolization, cell clumping, trapped moisture, residual media, etc., which would certainly upset the cellular mechanisnms and thus influence replication. Before one can firmly fix the decay rates of organisms on metal surfaces as influenced by temperature and humidity, one must be able to control, if not understand, this biological variation.
